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(54) INTEGRATED SPM SENSOR 

(57)Abstract: w j 
PURPOSE: To provide an integrated SPM(scanning 
probe microscope) sensor equipped with a photodetector 
having high sensitivity for detecting light so that weak 
incident light can be detected. 

CONSTITUTION: A chip 6 projects from the surface of 
the end of an (n) type semiconductor portion 1 
constituting a cantilever portion 7 and serving as a 
photoelectric conversion region and as a channel region, 
and a p+ type diffusion layer 5 serving as a gate region 
is formed on the chip portion 6 and on a nearby surface. 
An n++ type drain (source) diffusion layer 3 and an n++ 
type source (drain) diffusion layer 4 are formed on the 
surface of the (n) type semiconductor portion 1 on both 
sides of the p+ type diffusion layer 5, and metallic wires 
10, 1 1 are connected to the diffusion layers 3, 4 by way of contact portions 8, 9, and a p++ 
type diffusion layer 2 is formed on the back of the (n) type semiconductor portion 1, to 
constitute an integrated SPM sensor having a photojunction gate FET that serves a 
photodetector. 
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»5SSPM-tz>-tncfc<,>-t\ miimwtf&sy-v®. 

[nt#gs2] gA$cc8$^**tf*#>*w<-8i$ 
sm$\mmm s ft-^* *{t^ £ Mil ucji 

SMSPM-fc^lttCfc^-C, iftia8S!+g|5#->3 ? h*- 
5 C £ *1«Ri f •SUMS! S P M-fe 

SsM-y-ftf-Kfrfctta 3fct*m JR^-CHMS 3 tit l > S 

ci»*i5 ] w#gt i ~4©t,nr n*> i micumvm 

liSPM-fe>tJ-„ 

[»*i6] ii«3ii~4©«,»Th*»i3Uciaii©« 
8esPM-b>-9-(c*ji,>'c. m&mitmzmis&zytvi 

ffi*K>#*^JTO©±SW:S«ET * A»:ftK:*f 
*&SfcMig<©Jl 2 Sr . A«*©R««©tt¥a«T©« 

(in** 7 ] m*g[ i - 4 ©i>rn*» 1 8tdBtt©s 

W*f©*WHWH«©JlS*. Alfjfe©©JRS©^2 
«F«±©««:«JE0-CI,>4 C i -TSUatSS P 

M-fe>tr„ 

[IMta 8 ] M$9 1 ~ 4 ©t >m*» 1 SKIBIS©^ 

^tt!M©*JM«W«»*S tirt» S C £ £#®£ f 
[iS*^9] ft3£5ilX«3iBtS©|gftMSPM-te> 

SPM-fe>"t>". 

[JMftDlMKtm!] 



(2) #M¥8-86 78 8 

2 

[0 00 1 ] 

[e*±©Wffl»»] C©*Wltt. i£2M7u--mdk 
i(SPM: Scanninq Probe Microscope ) Kfljl^tl 

[000 2] 

jBWRMfcPSSSiTCl**. C©!ie&gi«. i&tUFM 
8&H (SNOM : Scanninq near field optical micros 
10 cope) £P¥tfft-Ct>£„ t©SNOM«. xr«*?-fe> 
"««J:*>'hSl>-tffi©lRi«K»ftO. BASM 

[0003] s NOMoauasoit*. *r. MMtmo 
m&mc i ttsgafciT©EiiSE r rf\x - ^tatw 

£*>©-C&£„ SNOMil/t«0<o*>©5^*Jasg 

20 LfcHK. sW^SfflUSSIs^ffija^fC^a 

Ufcx/t*»-fe>|»j6*. 7'a OTtltfiOSN 
OM*i-J-4*SCr*«. «6©*SCtt. tfc'MIPifco 
A:5 r n-^3&>6imK*fUT**JlWl/. «*4&jS«L 

C©#Sttt. m«^P3¥4-2 9 1 3 1 0# (A 
T&T ; R. E. Betziq) iCKj^SftTt,^,, 
[0004] HHfcJfc S N OMSBOtHgtC^O 

T3BW4-fS. jM£«f4tt. 3^7c^»^f--^{cg!is: 
30 Eg$^fc7"<;XA±ic|gg§n, «•©?•'; xa©$J5£ 
Kf4©*it3ftT<,>affiK:»o-c. *m»i>—>r-%% 

$m<Dmmi&®K.x/-i*y r##is£u c©<t 

40 a. zffismitttttt. mi^m^icm^x. 3 
Xjttmz r-i/iz -fmK&mm ux w mmt % 

©Jc^^JBCCfcCi-C. 7-/?Q3>fa-il*iX/Y 

^2{4g*/lLr> 3^c^liXf-^5rX/Y^Ki$f] 

50 /c'^. itg. A„^y7>KK4^©Hftftia*ifT*> 
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(3) 

3 

ft. SNOMB(H4 0r«^3ft4J:9K:ftori>*. 
(0005] — BinniqiRohrerP){C«t: 0i%HJSft/c 
^$ r>*;H18fc& ( STM : Scanning Tunneling Mic 

roscope ) fc&ttzy-tfimizte&t-rzmmfflfiz 
zm*t - v-vm&vwm? s c t ©r » <t 

LT. IK-f-IStfjraaW* (AFM : Atomic Force Microsc 
cpe ) *«!B*Sftri»S (£HIB6 2- 1 303 02 

#: ibm. g. e-?t, v^yj^momnmt 
zumRvmm . io 

[0 00 6] C©AFM©flB£ttSTMidB<HbT:te 
9. jtSM^n-^e&J* (SPM) ©— 34L,T<4H 
-5W6ftSo AFMrB. H£iSCCi&<,>3&a8B# <as#t 

<fcD. U'<-©«lfc£.l&fl<ja*t>W# 

iCiKi^t. Kif*©IHCrif«*i'43^7C»K:t6 
*£C4A^etr£<t^c#-oTi,>.5, > 20 

[0 00 7 ] C©AFM{Cfc(,>Ttt. #>*Ur?-©£ 

MHz>1f#. M.Tortonese OffilS^ft-Ct,^.. C 
©SlflSA FM-fe>-9"«. ^tfM.Tortonese.H.Yamad 
a, R.C.Barrett and C.F.Quate ©f&;£ "Atomic force 
microscopy using a pi ezoresi stive cantilever " (T 
ransducers and Sensors '91 ) PCTMIW0 9 
2/1 2 3 98tCg§^$ftt^6o 30 
[0 00 8] 

[MH-t)WfcL<i:'!>ttZ>Wm] B?i£©M.Tortonese b 
(CJ:Oaig$ft-tl»-2)«aSAFM-fe>^(3:. 

^•-tc^-b>ir%*afbofcfc©-c*-5,*5. mmcit 
mmtifti tc-b ujt-jiKSiaKM- 

4. *©:?* hS^-r'fefe^-C. #JISf{c<i:926£ 
•3. Yvv ^Kti^SftSC 4 tc±0. *«*»©*♦ 40 

'j7cL«ttF^i%<ftt). ttHttWaWKT-j-*. -e© 
iws^-r s /c& . err 

[0 00 9] ite. ffi3tJ©3t7T-fA-^o-ytttra 
OfcSNOM-CB. ^n-^iliJJlK-fe^iRW&W 

fttfaer. sg^afturus^. *ft«:fla>. a- 

t>. :/C-y4*fca&1t4©^#j||ft-Cl>S 50 



#!8¥8-8 6 78 8 

4 

lab. *<Dfflvitfim!kLmiti$%}mvm< . &k#.is 

MJC. ffe©SPM&g. 8CCAFMgH4tt« 
S©1tl&(p£<g&5fc«>. a— 0*-«AFM*Mitt 
WK % »ffl©SNOMSSB«r»A«?*«:»r. a— !f 

-tctt*S fcfttI4 ft o r b 3; 5 . 

[0010] *^BJ«. aaW>«8BlAFM-b>*** 
b»B S N OMJCfcW S ±EffU£*flNirr S fc&tcft $ 

ftfcfc©r. *m&emm<Dnm{t#*m&fiaiimsp 

ira*OT*J^tU£?***.fca8l£S PM-te>1r* 
HfltrSCitBWi"*-*. Sfcff^<J15~9iBi8©S 

mitt, »««i~4ett©#«wriai3ftfcjiaftffl 

[0 0 1 1 ] 

SWSfc*. gt*JBl-4ietS©S^tt. SAtttcg 

T. IW3f|f«*S^y- h^* h F ET (Field Effe 
ct Transistor ) , h*— y- KM* r F ET. 

MOSS* K. ^3-;Ft-l*h^t- 

So 

[0 0 12] c©J:<5K:. ^ttgP^S^y- hS*hF 
ET. i'a * r*-y-h3!*rFET. MOSS*r 
y-f*-K. i/H»h*-fi#ri^*-K©l»-j*ft*> 

*>6*i3fe«IHJ^r«^T5 C 4.c «fc D'MSftSftfc 

[0013] */ct»^5-8ieig©s^tt. dm»i 

©If 5 * A*t^©®iRM©*v 2 <SfiLh©ffi{C895E L fc 
0. *«^l^±»K|?a^4ASWEtc«b-C^B 
ftfBWWfe«a^*»*UA;«)Or. ««l[SPM-fe> 
1f?:«)?E-r54>©r*.5 0 CftfC^f). ^fflfl^ttA 
3 -eKK«]S«r *» S C £ *fiiJte 4 ft 

[0014] namms ieis©^tt. i x« 

>1?-?:«JS-rsfc©TA-S 0 ch,Ui&*). ;4X*<m. 
[00 15] 
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* [0017] -Ate. ¥m&io2 tfJtMsui'' =o-c** 

mVrm (n- i k) ©SISBS^»©«[S{cMf 4ffi* 
[0 0 18] £C5T\ 0 1 tC^t/c^XtCfe^r, A 

it£io3 *s^f*io2 fcASiiiucfc^-as. asm/ 



20 



( 1 ) . (2) fc6»**tt&«W;tti. 
^KA«3lW49W*rt»«aMt-**fr i ft*. 

n,t = A/4 (1) 

n, ' = n„ • n, (2) 

CCt, AttAf*)£©i£gT-£>£„ AM*#He-NeU- 
tf^©»-^«. $ft«633.4 rutfC**. 

[0 0 1 9 ] Dffi«»W8l4a0r t 633.4 nm 

<mifiis ') 3>*#*{CAWSn4tB^. A =633.4 nm 
{c*»WSS";3>©*«H*r*i*. 02#>*E>3.88r$>£ 

©r\ ( 2 ) set o ( 3 ) Qmftmz t oawftis 

U»C £#*>*>*. 



5. *W**«t»fc**Hi3RT-©5*^*iXA©fi* 

( 1 ) AW**«/NWfe-C*»*rt»K:*< . 

(2) *»ftrt»-C»*J:<*!RjR (£S£ft) tff 

(3) ^4jw:j:^T#ffio;MH»e««*. »*j:< 

(4 ) i&mztitcmmzMmj; < Htfrrs. 

[0016] 6U:©4BBK:-3t»r»>CttWJ- 

ftfc^g (4) cc-^-ctt. &*860IK:*it,»Tg*a 
( 1 ) (coi»r. H 1 Kin* J: 5K, A*f;fti03 

ioo (iaff$n»=i) <fc9AftfL-c. j»st*#-r*a 

K&lftllftfflRlAl OSSrSn,) 4iIiiU ¥a£f*102 

(®*T*n,) KAW-rsai^****. snftmtKie 

ttftlOl ©tmtLTtt. SiO, (n,=1.4S) , Ta, O 
, (n, = 2.37) . Si 3 N, (rn = 2.00) mfi#>Vf 6tl 
•5. Ctv6©tfW{Ctelr>rB> BJtl* (A = 400 nm~70 
0 nm) <D®mxU, ifcgKffi#Lft^-£©SflT$<ii4 
SiO, . Si 3 N 4 WXnmXOCH 
cctet,>r«. RiRttfti*. * 

rn= (rv.-n,)*" = (1X3.88) 1/1 =1.97 (3) 

nmumAthx^ si 3 n, (n, = 2.oo) wen ssjitas. a =633.4 nm©ASt:ftK*f or 

S. *fc. ( 1 ) akfcO&Se (4) -C^-rSi, N, ©K* *>*»*. 

t = A/ (4 • n, ) =633.4 / (4 • 2) =79.2 (nm) • • • • (4) 
[0020 ] *CT, ttftttWRttl #ttb>lt6. «lt ★ ">, ft«<H*ffi«/SlO, /5i<D^fcKM?Z>ffim 

30 ffil^ffiiftoTt,** ( A = 630 nmKfc^T. T = 65.1% 

ras. ) 

[0021] -jJ5©istfflcctei»rtt. ks«;r«. #5$ 
(5) rasfii. 

(5) 

rts* (tt»fi|-C«99.9%ifto7c) . 
[0 02 3] *fcH*f*rH©A'WC-3<,>T«. Ta, O, 
>Si 3 N, >SiO, ©KHI#& jSfi^©f-i' 
fiBtt. jft6ffl*>MB«-CSi-£. Ta, O, >Si 3 N, 
>SiO, ©!»&#(&£*£., Ctltt ( 1) Si<fc0. f- 
fttHB^SC (7) «Ht#M£ft6tf. H 

Jf*n*sAt^(2i'iSfiA*JAt < ft*7c»f**. 

A= 4 • n • t (7) 

{IU e-:?{i,B©i&BKfct,>-c6. si 3 N, fcWJ. 
Sa^ttioo %K«ft 6ftt,» 0 cn«si 3 N, fcWtt 
(2) S©^£iiS7c$ftc>/c*r*£„ *&. A = 63 

0 nmCCfcl^'ClS, Si0 2 ©2i§^«85.7%, Ta, O, © 
8&$«92 .1% <t ft o -a>s. 
[0 0 2 4] H4K5?Lfcaa*TI*. 5fc(Cj£^7cJ: 5 
K:me5m^«*?a4ffll>-C^fflL./cfe©T?&**5. C© 
«SSA¥nM£(c J: •) £ff lfcDail$&g*Kftliiii7tt 



ffc^KlOl itTTa, O s , Si 3 N, , SiO, BUtl 
^nfflt^ctt^fco^r. g)gJlt480nm<!:@^Lr. 

aii*T4»mofcis**ia4K:sT. ftfc. c©©m 
«mfiSm^M«ffi?rffl^r?To7c*>©-c**^ > -e©§i 

b»^/Ta, O s /Si. fi)^c«^^/Si 3 N 4 /S ★ 
R= (0,-nJ ' / (n. + n,) 1 
A = 400 nnrfCfcli-CfS. Si©®>if$fHB5.55-C***> 
*>. R= (5.55- 1 ) ' / (5.55+ 1 ) 1 = 0.48ift 

0, $7cA =700 rnirfCfct^Ttt. Si©BSf^n 1 «3.78r 
$>5^6. R= (3.78- 1 ) ' / (3.78+ 1 ) ' =0.34 

£ft*. mimRtmmmT tomtctt, ass 

(6) ©M^**. 

R + T= 1 (6) 

btcff-oX, jgSA/t)54O0 nmi700 nmKfcWSjijl^T 
«. *n^no.52i0.64ift>3 > H4{C^b/clt^m 

1. <t<^^/cfflift 

[0022] isVayiOiS^Xte. mZfrbfriPhk 7 ) 

•;3>cc*^A*iJ^) *^A#<ft*. ^m/si 3 n, 

/Si©$fi£©ig£\ t=80nm n, = 2.00©^:#«. A = 
633.4 nnrfCM^r. ( 1 ) . (2)4 

mcttclto, -e-©j&g"C©j§i§^«, tJSl00%ifto 



40 



50 



JP0008086788 fhttp:/Aft^.getthepatent.com/Login.dog/$folev/Fetch/JP0008086788.cpc?frornCache=1paft=maintoolbar=bottom1 



Pag e 5 of 16 



(5) 



#FJ¥8-86 78 8 



7 



8 



Tfc*. H5». SiO, (d.) /^ISHSi U) /SiO = 

, ( d, ) /smfeoymsicnm ucmmm<oi\»mv$> 

i. fll/, d, = 0.1 Mm, d, = 0.29m m, d, = 0.19m m 
■ca*. H5*6t>*>*J:5CC. ^JMO^sr^MI 

[0025] zmmomsb. mmmom&mmm 
mtm-ms. <E>tis. j&dajwmj: o . a»(n=i. 

0 ) /SiO, (n = 1.5 ) /Si, N, (n = 2.00)/Si 
©^j**^ASi. £3i/SiO, /Si, N, ©§&#$& 
tCtet^TB. S-JTOr^flB. ( 2 ) 3t<Dm&Zmtc 10 
•T. S/cSiO, /Si, N 4 /SWffi&lCis^Xk. &M 
9r$ff» (2) S{Cjfil>Hfcift-9T(,>5. *CT?. ± 

*i-eti# ( i ) a©BB«*j«fc-rJi3«:R3£-j-ti««fcl» 
C£Ct&6. * 
T, = I/ I,=exp(-ax) 
CCC. I . «A»#SMt. I«x<DWS«WS*W4 * 

•j. mmmftm (n- i k) ©k£B. *a o) -cs 
stisHftjwjss-r*. 20 

a=47tk/A (9) 

[002 8] SiO, , Si, N, . Ta, 0, TBojfJtftCC 
fc(,>T, k = 0£#&tf ■*>©•?. 1= I, ittO. RflU 

b£c&i\, #^H'>>;=i>©kfiitt. is^ucfi 
-cas, 

[0 02 9]»E(9)S*flH>Tj|£lHl/fc. HHAf 

*H6K^-r. *7cEI7{C, («J(X5) 
£&g£©M<i&*ijVr. l/crBRiRfiifciiftfft. 1 
/ a <D!W £ ©tmjf jijtT * £ . iSiiftB ( 8 ) 30 
StiO. l/e = 36.8%K:<g«f 5RJR$ 
A£i§ji$T, B. (10) ©Hff*«**©-C. A = 
63.2%©AS*3fe«iU3nSC tCC&S. 
A+T, = 1 (10) * 



: [0026] tt±©ift9UC J: D . J£g ( 1 ) ttM-f 

TB. *®©Si, N, K*S(,>ttSiO, /Si, N, ©J* 
1881*1. fcJ^&#©£#5£ (2) K'&Wmmtct 

©&g£5E#>. *©$gT©&ji©0i&w*4©ii 
jr^fitsr**. cne.©<B*ffl^r (i) Scfpfteti 

[002 7] (2) (co^t. ¥m#*>ZMt-to(D® 
S#©*jRtt. (8) ©7>^-h©S 
flij (Lambert's lav ) Oi&WiSftS. 



(8) 



[0030] ?t£t>%. KIRS ( 1/a) B. Alt** 

Ji3*>«<Kg©2{g. 3{g, 4 *4X3ti£ 
*©iJ£B, ^tl^n86%. 95%. 98%£&£,, C©C 
£fC<J:*3. *»ftS©/»$B. til3f!RiRS©2<gt?+^ 

[003 1 ] (8) 3Ci (ifl) *«fc0. *USfli/i;3> 
a-5UB-fi5©W4-C©cRJR$AB, ^JfRiDttTO©*! 

£B. #3 (n) -easns. 

A = 1 - exp ( - a x ) (n) 

flIAB. A =630 nmtCW&©lR<£|fcaB. 0.348 Ta 
0. C©ffl*fflU-CKiR$A (#r>*WSx©»*jr 
RJRStiSK^) **BiOfclS**H8K:iiV«-. SfcA 
= 630 nmr©®lR*A iSi©/?^©^^^^^/^* 

i k^-t. 

[0032] 
[* 1] 



Si<Z>IP£ Urn) 


1.0 


2.0 


3.0 


4.0 


5.0 


WK* (*) 


29.4 


50.1 


64.8 


75.1 


82.4 



[003 3] Si<DBZ&2 umOmS. SiteA»fU/c# 40**~-E (eV) « k ycSC (12) T^Sti*, 

(D5*>, jft*»<Z>*#»iRSn«CitttS. H*(C» E (eV) = 1240/A (nm) (12) 

^&it2.87umV$>^> 0 A = 630 nmCD^cDe V|fiTOx*M-tt, l.97eV 

[0034] ic^-c. igs<DK^<*:Lro7£(Dx^;u* i«cs„ ^ (i3) r^$n^> 0 

E (J) = (1240/A) q= (1240/A) Xi,6 XKT 19 . - • (13) 
l/^ot. A=630 m<Dft<D**)l¥--\t, 3.15X10 ftt" <£> C £ tCj; o"C» SifcfcW* Ali*«« A ( (C 

[0 03 5 ] WUi/'Ja^^Fft ^^x^;U+* ^ (14) ^Deai^^Ci^rt^o 
-E. Bi.a2eVr*S. CtKCif). (12) S«rSE»A 

A c =1240/E Q =1240/1.12=1107 (nm) (14) 

[003 6] A=400 nnr-700 nnKDoJia^CDM^iJ^ 50 Ttt. 1 jf> h >^SirttCCRlR5 tl-2> <t . 1^11--^^ 
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X. &?<Dtt&mjfit. A=630 nm©A«3te*5. 
IfcB. 1 XKr" CJ/S) / {(1240/633) XI. 6 Xio 

•" CJ/fl) ) =3.2 xitf C«/S3 /cttAWL-T 
t>&Ci<!:ftS„ COfti. Si, N, II (80nmJ») /Si 



20 



tbX. jgiI$Bioo%. S/c«iR$B64.sK<tft.&© 

*f©&B, 3.2 X10' X0. 65=2.07X10' (fl/Sj" £ 10 
ft*. 

[ 0 0 3 7 ] aE-Cifcffl&iftWfctf 5 C©8£l,fc 

x.n-m+m^xmmLic&z.zttzt, 4mm 

*- F-Cttg»«E«r8*aOfc^»*. •e©«J6fflB > 2. 
07Xi(f xi.6 XiO"" =0.33p A<hft&. — 1/ 
6MHH. * F f-f FKBSISttfcfltett. £T# F 
V'<*-\ : K.W&$tltctTZ>£> 2. 07x10 s xi/60 

= 3.4 xio 4 cfflJ ©t+yr^ga^ttsctift 

•5. 

[0 03 8 ] fcLkOSWJfc J: 9 . JIB ( 2 ) KHtS 
#£$£&££. AftftOWftAKIfcC'C. ¥£&©© 

i/ao2~3flfa*3wa*b<; *©j»s*s»6ntt 

r*S«:WJf<-j-5**iJf*0l>. £l>5£ 

£KftS. 

[003 9] ( 3 ) ICOHT. 3MttDS%aMft£». f5J 
63&><0*hy^*- FflHSfJ- *LtC* 
A = C 1 - exp {-a 
= exp ( - a • t „. ) -exp I 
CC"C, t„ = 0.! urn, t,i = 3»m, t„, = 0.5fi 
mil/, ttca = 0.348 (A =633 nm©it£) 
i, A = 0. 84 - 0. 42 = 0. 42=42%£ft£„ 
[ 0 0 4 3 ] huIH ( 2 ) m<Dm.WOd^X . 3 a mJl© 

B. ©4*^ #64.8%i&oT<,>7c. Cfttc 

*fOT. ±E©«fc^{CnM^S20l ©Hffi&tfJiaCi:. 

btfc. A =633 nm©A#4tf;©iS£te. *£9.®g©{g 
Ttt£CttHC ftfc. Hffittn' ftlff203 

*K»«Cl>*l£«. RlR$AB499«ift*. 
[0044] fit. «±©$0«B. * < S-C633 nm©^ 

ftSp* ffl«202 ©Jf<*©I2BB*#<5i*i.S. H^(c 

A = 450 nm©Aft:ft ( a = 4.1 ) T. ±lSt8fiS©* F ^ 

f«jS«w6®«*»a*. (15) ^.{cm^xn 

tH-TSi. HEtCp' H$202 tf&ZmSit. A = exp 
(-4.1 X0.5 ) -exp (-4.1 X2.5 ) =0.129 ~3. 
5 Xi(r s = !2.9%£ft£. — ^BBJCp* M^202 # 
ft^ifr&B. (8) A= 1 -exp (-4.1X2.X 

W d = { (2K. - e. /q • N. ) X<p, } 



* ©* F ? -f FUStf. £5* <fc < 
#r cc . /c A * fltfi£(c L ft WftB ft h ftt>. 

*F#-ftf-FCCB. S^WtCBiM^-YTX^En/inL 

[0 04 0] *hy-f*-Kflfjg£U-t. 09Kf;-f <fc 

5 ft p urns* <o ft * * f * - Ffltt«:ot,»-c*» 

PN^#F*4*-F»«iHtt»K:flH>&*l 
**hy-r*-Fr*-53ftJ. nS!®«2<n.©*ffi{c«p 

tWMIf&tt^fliOKBCCI*. n* ^«203 tfJtMKS 
HS»t. «©<fc^fttilj£©*>© 
ZmbX^Z. *Fy-f*-F±(4aOJ»S*t.,iL. 

P* M^202 ©/f3*t... n* ^«203 ©^3*t„. 

[0 04 1] *IS©¥«it*^WS©SJjS7-a-bx{cfc 
1>TB, WSt.„ t„,4t, ««>ai<-Cfc0.5 (/m« 
TCCffll^etvCt,^. CC-C, p* M^202 , n* 



203<t t>n*m®m do 1 • ° an- 1 ©^$fi«5?gg) 

■CftSfcAtc, AI*7feK:j:0iE?L-m^*scn6©ia 

B^4Lft(,>iC^Sl>y-^©^4#^.S. 
ngS««20iBJI!^^rxtW-C*4fc«>. 3B*K22 
ftl/T^SfeOi-r*. ^OT. nS««20iri6*O 

[0042] C©JS^> Wx1!)ft*fI#m^B. 
KDffiWlcj:* (8) ^CcfcO^ (15) -C^^nS,, 
(t.,-t,.) } J - Cl-exp {-a- t.J J 
■a (t„- t.J } • • • • (15) 
30*5 ) *5100 %tt£h. C©IS*«. #fe7fe©lf^. 
Hi";n>©0.5 umfflg.<DB^?mx. ASP^©AI4 
7t?r®iRL-C L & *) C iCCiS fc©-C*S„ 
[0 04 5] tCZX. mV&Vn' Mp' ii 
■SlMiXn-sbtcm ttcn' Rlfp' mm 

L-Cfe. A =630 nmttifi©:7BC*fl,-CB. .©SOffiTB 

•eng^oft^. n* rvp- mmthtmm 

3(t„., t,.) *so.3 umft6B. (15) ^(Cj:Slt 
Wie^Bsi^iftO. n* SVp' flM£6ftt>ia&® 
40 ©lR$T'4)€.64.8%iSfe©ftl ( ^^»6nS„ ft 

te. coJf^oSiSfgThbBo^gr^s., 
[0 04 6] ^©.fc^K, 09{CteW€>nM^2Ol 
B^fbLT^-S©*5, !SK©*raSE U>. -eCT. 
g^K. C©n^lg20l ©^««5?§a*5 1 xio" on 1 

©Ji^Kte^r, ^{c^fb-rs©tc£>Sft^'-fr^ 

ffltCO^riSiWrS. ft®m®m£ (one-side step ju 
nction) £{g£L7ct§£. ^5.@0IW d (cm)B^SC (l 
6) -CH2ft£. 



(16) 
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CCt. K, «v";n>©J±H^, £. BJi£©^m 

b&s (17) msns. * 

*,i = kT/q • I n (N. N„ 

[0 04 7] CCT, N. =10" aif*. N„ =l0"cm- , 5S 
W d = { (2x11.8X8.86x10^ 
X (0.76+V, ) } 1/1 
= 1.14Xio , X (0.76+V, 
= 1.14X (0.76+ V R ) 1/1 
[0048] Hifltc. ±ffi (19) 3#>6f» 6^^. p * 
- n ttjtfcafflrt-S&t-t 7X iSSJiiBOM^*^ 
■f. *R£©p* ^©(SBO.3 Mm*I@srf &©T. t 
.,#3.0 um©»£B. I^-f7^fi»5VC^?4 
S. ft*«itt"CS2fbSt!*:<ftWidB. Ctt<fc9 
/M^ffi^V7Xffi4E|Jto^hBJa>. 

[0049] w±©»ifltcj:f)j«a (3) KH-rasfr 

^r*i«)Si. &©J:5KftS. 

® *«^tagpcciggA©7fe*5xs*-r?,4)©4L. c 

Alf#©«fi A "Cft * £ PH18©/I 5 1? #3E 0 

So jwrrst. AW«©*ffl{c#«E-rs^iii© 

WSB. *ffl*^S^!Rttfi©¥# (j§ii$60%) « 
T©JI<? r*S C £#M* U>. 

OE0»«:J:03E^2ft3*i. m#K<fcS F httfll 

anus*isc4*ia*n.». 
[0050] fria^g (4 ) © •'imztitctffimm 
j:<U2rrs" ciK-x>t«, susswcfci^t. -e 

[ o o 5 1 ] tuia ( i ) ~ (3 ) JKcFjg-rss&w 
^BtflSifr. atssE. 93. 8at3fifc#h**!/7 

ft*>^U^-*>e&S*«^S PM-fe>1^©*SSPlIK: 
[0052] 011© (A) BS& 1 X/&0l|©«ffi8i*0. 

em© (b) wtmmwwmma* 011© (o b» 

MJ© J Pffi«ii0-C* 0 . 011© (A) B0U© (B) 
fcfcWSA-A' ^cc?3o7cKrS0r-$)So 0ii© 
(A) (Cfc^-c ??7'^6£^tffVWxKE*jtjSg|S 

-xswcgsu y- hgs*si»B^-xa»©s<i*3£ 



12 



(17) 

♦..ttiXSC (18) T 



*<i\ =v„ +*„ 

cc-c. v» Bj^-frxmii-c 

/n, ' ) (18) 

*£"fS£> (18) 5fc£9. 4>.. = 0.026 x 1 n {lO"x 

10"/ (1.45X10") J } = 0.76V£&9. ijie (16) 

SB. (19) -C*S 
14 /1.6 xior" x 1 xio") 

) 1/l Ccm) 

Urn) (19) 

[005 3] *Jtft0l». ^tC^Sm2HW4ft 

20 sPM-fe>D-tcwrs^©-c*s„ -eormi ji/sw© 

-FFET£/fH>-tt,>£. 011© (A) Kfc^T. IB 

£ft-3TfcD. *>5 L U^'-S|57?;»fiSL.rt,^„ ni 
^(*S5 1 ©^W^SB . ft 1 x it? s an" 3 )&> 6 5 x 10 
" en J mm t ft (,> 5. * 7c n S*a*tt» 1 <fc 9 ft £ 
^♦^^©HS t, B. 0.5-3.0 tfmiiuf££fto 
TVS. 3 B* Hg^- h F E TCCtel+S*>5 : -U^ 
30 -^S«:^fiXS*ifcn"»SFU-(> (V-X) 
*7c4Bn ,f S!V-X (FU-f>) 
S. cn^On-'faffilSDSS, 4Bf*a©y-H£K!^ 
fltHStSp* fflttl«i5*'4'|IBK»ltS**«« , C 
JfMSnrfcO. ^©aiB7iggB. ftl xio"on- J W_h 
r. *fc*©»^flESB. 0.5i/m«rfti«Cori>S. 
6B*>^ U<*-©5fci8a5*fflfc»fiS3ttfc5 i » ^SP 

S. S?fBp* St»i5tt?5 7'g|36©^SRD : ^©)fi 
fiSSC^Sn. * h F E T©|g£y- hfi£tSc 

40 li^fotM. c©p* S&tWi5©J8£a£i* t..B 
0.5 MmfetT-C. S7c-5-©^rljSSB, 1 xitf'air 1 * 
6 1 xio"an J gg<!;ftori»S. 
[0054] 2 BnS*»»SP 1 ©Tffitc^fiES tlX ^ 
Sp'^ffifStJi-C**). ^h^y-FFET^CCfc 

2 ©?SSB n 1 ©iSStCtt^T . 1 ffjlJLtiii 

[0055] 011© (a) v^btcmmmva, ni* 

50 (,>Sfc©£^l,-C<,>S#. p'-SS£iJ['f 2©ftt>"3K:. 



JP0008086788 [http://wvw.getthepatent.com/Login.dog/Sfol^ 



Page 8 of 16 



(8) 

13 

h * - ? A * - K8J&B. * 1 JHfeffll»ft©BM©S'K 

[0056] ftiiBu© (A) TinL/cStiSWcfcC* 
■C. ±fe©J; i 5K:SMM^f-f^--K^i®?r^-ri 10 
p* > I2&£l5tJi2©ttb9K:. A«*i345W-r4J:9<t 

i{ciisnffA«-r*fcje>. 

3. £fcgffi£9©AS4#B£ISIgTJ^3ft*)t«> > 

[0057] &(C. C©||jfi0!l©«)fp{C-5l>riftWr'5 
afrtc. c©j6S60«©¥ffi»jiK:^t,>rSi^-rs. Hii© 20 
(B) «:*<,»*. 6B**:/a5r£m£fitJ£b-tfc9. 

zvmmwmsy- mm t a & p ♦ stowi 5 a» 

JftSSfi-Ct**. 1 aBn"SFl"f>ftf*<B3£p- 
atttfeff 5©M. rT'SV-XffitfcJf 4£p* SSttftJI 
5 ©IB©. nffl*aW*»l*»6tt4IBIBW5'C*»). n" 
SS£ti®3. 4£p'Mffi:fStH5©iaKEfttin3tiSa!/'« 

<rrxttwc*<r>x. WE*H-»in*»^Ktt. c© 

ffiKII 5 <ommm.i)\ *^ 1 x 10" cm' 3 «T ©*fr*»* 

©jc^fejs^tc^a-rs. 30 

[005 8] 011© (B) CCteOT. 8. 9mti?tl 
n"fiFH> <V-*) UUI3. n"SV-*(F 
J£IStJ14CC^T-S.3>$i' hgp-C&O. 10, 11 

b, **i-e j nF i w> (y-x) ffl#®ia^. y-a 

(FW>> JB*WB«"C. «*tf7*5i$AT?»rt 

sti-ct,>4o an© (o b. ntBo^ffliJti^Lr 
011© (b> , (o tcte^r. uttgisimmx- 

$>*), C©*aSSPM-fe>1^©*>9 1 U-'N , -g|5©Sjg 40 

[0059] a*. @n© (B) p* §?ffiffcJf 

5B. 011© (D) fC7jrf #>^U-K-©5fc}g 
7a£3itLTBJ£T£<*5K*8(£l/-CfcJ:t,>. C©<fc"5 
(CP* 52ffii&J§5*JBJ*rrS£. p* Mfi£«JJS5©y- 
h8*#fi*C*. *©«ia»SS«:±S-*1i4S»m*i» 
6iiS„ p* SttiM5<D¥ai^(CttC>-C'i^l©4ltt 
B. P* SfctWUgSa. 5 b*i*>^U^-Sfi^ffi* 

-JMMfJfig&y-a- FW 3 £!,» 50 



^¥8-86 788 
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[ o o 6 o ] -awe. mi *»«©ttf¥Koi»r»iBr 

5. ?^gi56©±->j < i:0*i3*iA , W-r4ct^{Ci3g-r 
•6. AS*#13& t/Ctt. MMi^^>«<>1/- 
ifftft£'£«&fe©#&fflft&£&*. AM*ia#* * 
■^»6^A«f 44, p* tBOMS. nS*ff*9 

4. HJ6Wl©lttWK:A4Btr(c. S^a ( 1 ) ~ (3) tc 
•o^riSH^^tfofcjr^tc. *?yg|S6©5iMc\ a& 

P* £takM5©$fitf£3l 
^Sv£«Or^SJi^{cJt-t. 3fclB&©fi±*ninfe£* 

4„ c©4R9«. aao^roioiWKWi/raflir* 
4. 

[006 1 ] »a©J:5K:. * ? yg|56*5mM^i"J 3 

>vBf8.2tix^zm£it. m&immi. o-cb. si, 

N, <fc»}ife5#®M, *4t>BSiO, /Si, N 4 ©HIS 

m&vmv&z. ^fcsio, ©mjusifflo/cti^r 

[0062]$fc, AW*13B p • SOXlM 5 *£-SB 

MffiUdi 5 zmm-r zsmz x t btcms. ah*©$ 

fiA-CtfeiSWRfifctfOT. x£»JRg/2©M<fc* 

ft/2©*ttTrtt. ^'Ja^KAMt/fc*©^. ft 
6 M4S n £$«ttflS 1 KAW0IS6 £ *. 
[ 0 0 6 3 ] 4fc. x ^©iRS/2©M^*«fcT<t 5 
CCxCffiiiSSe-Ct&litB^CCtt, p* §?i£t5015©^ 
««ligS«:ffi«l/ t p' SJHUUi 5 *©*«** yrr 

*ipjffi£/i4. AfmicB. p' Mffigi®5©^ffiigg 
*, id"~io ,? cm 1 ©^--^-ci9:^-r j aB< , :l\ *>%5 

ap* s?a:tS[ji5©i!£isai3B. c©*#^-c*>. 

[0064] ^ „ 7-SP6 ©iSf$ h £ nS*«ftgP 

lOJPS t. ©-&I+ (h+ t, ) B. 5fe 
KSWil/fcJ:5K:. A*f*©^gA-C^$4®it2g©2 
ffJ«±©ClCCS9:S-r 4 C £*<S* Ul». MAKA = 633 
nm©A«*«:^*/c«^ < i"j3>{CteWS®iRSB2. 
S7ntatt£~yX^Z>. t, *«2/Ltm. h*!5nm©«^ 
B. (h+ t, ) ©ffiB7 tfm£&-5T®iRg©2.4 
£!k<5. C©fflB©iRS©2fi&J:0A^JS(ii-C* , 3, ff 
S)i^#*?i/cTC£{c«:4 0 T&fc>%. C©tS^Bn 
S*»(*gp 1 (CA«t/c^©9i%^®iR§tl4 0 

[0065] feLk©J: Alt*l3B n StfUSttSP 1 
{cte^T^m^Sti. C©^%©iE?L^^--('rxtt 

[0066] M±&ftmm&wnt>tiz£-e<DW)msiyi 
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■C* 3 . aKJWtttft* h h F E TCDttfptC-3 
l»riliWi-*. Hl2«C. *M££y-hFET©&IM 
Jl/X©*-f 5>y?-t>-h£Scf 0 Sift©-? -f I'M*. 

• mm* + <)t<d')*-j b mmrs . ^^uss 
ram «*K*wuwiH©3-3«caw6tis. -et, 

rm#8*ttl/»!IBI#»7fii. *©y*»hWHB 

[0067] Zantac r. v-zemmmtifvy 
K«tt (ov) Kffitsns. * » MMHt»«. ku 

■OWtBOViU P '*i!>fctfcJl (££) 2tttt*i* 10 
^•O*aV,»„%EHJl00 > d>«c < & «> n S^*ff£Sft 1 

5 n/cjE?L«r p ' 'Stttftll 2 

[0068] mf^^v'-mmm2K.t'mt 
s«ttv..„©ii«!>ia-t*. ma de) scr^iE.n5 

( I V, uBJ I >4>, ) . me (16) £<c*CtS£2JIM 
W„#Bii© (A) &tfctt&t c (CfcfJ&f-S. SfcnS 

^w*»i©»isbn, (c»j£-r*. mi/, vwam 
»2Jc6i«iar5«ffiv 1 ,» 1 aEH©«tt4ac6fc«&. v 20 

.. (17) SWcftA-Ttitf J:t>. (16) 5£~ 

(18) 5£*>6#«>6*lSV. nS^MW*»l*>ffi 
2ft-f*S'NDStirr*«). c©v,„ b2 ©EfJjrjK^«cfc 

IrVCtt. p"aMfcRJf2±P* 3BttttJf5&<DflOK:tt. * 

Ios= (W/L) • m • V. • N • 
CCT, WttFET©y-M§> L«FET©y-FS 
t?*S. Hl3«^li© (B) kyftbtcBMIMW-Wm®? 

v7&mmoM*m-cib t ). miw. y- 

m, WitT«i^45/im?:. (20) 5£&c<fc*itl|K:fflt.> 30 
S. *te (20) jSacfcOT. yttn3?¥j§f*8BltCfeW 
Z>n*0*X<J 7- ■<•€$>*). l& at? /V • SfflSXh 

*„ v„ «Kn , >Enjra^fi-c*o. cctuv, = 1 

V£L-CBf**ff5. Nttft&fflSKAfJ-f *#©<!& 

q»s«fltt. ta*flran'c&&. 

[0 0 7 3 ] ^fc. I B ,©£fl*>&it#Wt<:-3t>-cBMIJ 
T&„ A*f#©$SA£633 nmi-TS. -eOT. 
gP6(C 1 pWC^AW-rS&Oi-r-S. ?-?y«®K: 

R=L/ (q • U • N„ - W-Ad) 



v..»,j:ofttt*«tt*p' , HttiW2Kaaiirt-a s Mi 

fcte. 'J-fe v hSSfm^a. FU-f> 
HEE©4>&< £4>-#£. ^a-f-f >ytJ08tl/r4 

[0069] «±© l> * v hSfj^CDfg. 3fe<I^S»«ffl 

smmtifv^vno. (ov) ©ssswo -to*. {§ 
[0070] **. £ff*raxsmtcfei>-c». p-s 

46ISt)B2(CB^5>K*ti: (0 V) > **UMm>ji© 

m{iv., l61 *EPJra-f *fi#»fWWBUc4j^rtt. a 

tSol (y-MM) 5K:SS3n-5„ 
[0 0 7 1 ] £flH»ra*ffllft. {i*f©§s#fflLlfrftK: 
AS. d^KaffltxWIHCcte^-ctt. P'*Sffi;IJ!li2{c 
«v. ubl jjiEn)!instifcss44s. ku-y>kb 
E©^fl:v 0 tfEPJrasn*. 
[ o o 7 2 ] &cc. 7feii#^*aibB#©^ usay- v 

(v, <p* mtmmbomm <as\,*xtt. v-z- 
FUY>«»©1«ID«. %3 (20) -cfitmsns. 

T • q • t (20) 

SKoT^ii. ^yfcJgKtel^tt. 3.2 xio" <i/S 

' S[fi£t5!)15©^^©/i§!&0.5 umiU hMt 
, ©ffl€r. fti?ti5//m. 3/xmitSi. (RiR$ 
«, exp (-0.348 X0.5 ) -exp (-0.348 X 8) = 
0.84 - 0.06= 0.78= 78%i^S. MJx$tgi#iffitc? t 
©iiSSL/cfcft. *B8l*Ttt0.78i&a. 
t?r. 1/60 sect C©3tm?5f§aK:a: OiiStx 
hV-X- FUY^mSuIostt. (20) ^iO^ l os = 
(45/15)XlO ! XI X4.74X10 11 X0.78X1.6 Xl(r" 
X (1/60) =2.96/iAifc£„ 
[0074] iE5itt^»3T6fcJ?). fc©#?StC <t 0 . C 
©tt**ET*. FET©*f*A«ea©SEII|»tt. % 
S (2D TaSiii. 
(21) 



ccr, L*tt (20) ^sctei>r^snfcM'=>^-^-c 

R = 15X1(TV (1.6 Xi(r" Xltf 
= 2.08/Ad 

R©^t4B CQ) -Chi. 

[0075] iC5"C. ^2Sfi©Slb^Ad (cm) 
«. p* Sfi£tW15©^14^ftAV{cj:f)ft#$ns© 
-C. AV^*T^Hl-rS. AV«^5S (23) -C®tB?*l 
■5. 50 



★itllf ^ (22) 



X 1 X10 ,i X45X10- , XAd) 
• • (22) 

AV = AQ/C (23) 

CCt?> AQ«*s*K:«t?»sa3n/c*^?5«-c* 

0. AQ=3.2 Xi0» X0.78X ( 1/60) Xi.6 Xio 
•" =6.65X10-" CO ttth. 

[0076] ttc V mmfwa5it. >j-t? H6ff(c 
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(10 ) «H*8-88 78 8 

17 18 
y*-?<>#Wm&vmtC-2V<OWiLt * xior 4 x { (0.76+ I V I )} 1/1 = l.l4Xior 4 x ( 2 . 
K^tcttZt. vmo&ZMISV* B> mto<D 76) "» =1.894 xio- 4 tan) VbZOV. S*Ctt. 

(19) jtc»ffl3ti*«ift*. rat>ft, Wi -i.i4* (24) rsmsftSo 

C CF) = L • W • (K, • £ 0 /Wd ) < 24 > 



[0 0 7 7 ] CftfcJ:^ (24) ***e>s«c**»s 

t, C = 15X10- 4 X45X10- 4 X (11.8X8.86X10T 14 / 
1.894 Xl(T 4 ) =3.73X1(T 14 [F] <ift£o COfil* 

(23) X(Cf^OTAV*#tf)Si, AV = 6. 66X10 
- 15 / (3.73XKT 14 ) =0.18 (V) 

[0 07 8] U^t, (19) 5$*ffl^TAd4«B 
T£<t> Ad = 1.14Xl(T 4 X { (2.76) 1/2 - (2.58) 
1/2 } =1.14X1(T 4 (1.661 -1.606 ) = 0.06/Ltm£& 

& 0 £fc (22) SCJ:»K * + *;l^©£W#RB, R 

= 2.08/Ad = 2.08/ (0.06XKT 14 ) =3.47X10 
5 [Q] ittS. *OTFET©«*©SEa»A I i F 
W>EPira«{4Vo £©HI«:B, #3; (25) ©Hft^* 

V D = A I • R 
CO (25) &£K>. 
ior 6 [A] <bft£ e 



(25) 

A I = 1/ (3.47X10 S ) =2.88X 

COffiB, (20) j£*J8l>T«H0 
/cffi2.96Xi(r 6 CA] t, <fc C(D2o(Dffi 
J:0, lE?L*^f)©*86aSItt*itJM"^^* 7 °P A 
/holetftO, WISWJR* (CMD) 0flUcSl>f>® 

[0 0 7 9 ] FToMBtif-f *- F«»* 

D. CWCcS^W-ria^ctt, 3.2 xio 

6 X 0.78X1.6 xior 19 =0.4 pA£«>httW*&tt 
£ 0 CftKttLT. Wt*-FTFET*«!^r*WH 

■ft* ±ibcdj:^^^2.9 xio- 6 Aom&^atn^>cD 

ffiffl^tt. 2.9 xior 6 /0.4 X10" IJ =7.3 xio 6 

[00 8 0 ] tt±^^/cJ: ±ia» 1 ^JSPJfcteo 
tb, #»n*-FT*F^*-F*«^r«B*« 

n. *fcFETrB#»«^BL3OTmafc*. ^ 

;UF ET^MO, W¥3*6J:9«cfWr*Ctfc'C 
[00 8 1 3 »«c. »2SOWiCol»TKWTS. C<D 

jg»WBS 1 nwifctovz? v ^*®c«BKitT 

gj6<DWffi«JS*^1". (A) KiSl,fc»l*ft 

WtfcOTB, p* »lffl«5B?^B©«K 
J&SStiTOfc**. 3«6»«lc*5C»-C«. Si4lc^T 



[0 08 2] COi5JC^^^»6©*JB«8aK:«P 

10 ^©*ss> ah***. *fi*air© 

^AW*cc»bTt, R»a«tt**r*iwifflsPM 

[0 08 3] #2^W©^W*Hl5fciS"r. C<D^ 
»6b©**W»«:»p* BIMW5-2#JBrt3*itt 
SUMS. Hi4«:*Ufc!(r2WM«tBI*r*4**, HOC 

[008 4] B|i4Sa e Bll5CC5KO/c»2^J6WS 

6. ft*5, c<Dm2^l6WlSc>'^<D^«IK:^^ , r*>, 
jbFET*»fiSUttfPS'ttSJ:5K:l«fl«-5Cifcr* 

30 

[0 0 8 51 *«C. »3JOfc««:o^T»WT*. CCD 
HJSWtt j**<0 AW J: 0 &£-f ^ ^ -f X£iK« "IIB i 

[008 6 ] C <DytM%M2<XD&&C ^ 0 , v ^W6 
40 ©5t»6afet^8t3»<t0AJt-rS, t)MBl/*:<a^ 
**2lB. 7E^*^200)^ffi'CSI*$n, 

S n M^^ftSB 1 K Bit A#*"Jtt t ft 0 > 

[ 0 0 8 7 ] ttto, «a©^S«ifr**te"rtft««* 

»w*«^B, jaa»cxD±»*sir*BT»©i»r*i 

«BE0«tt*£**t£CCj:9. P^ + *^FET*« 



JP00Q8086788 [htt£fly^^ 



Pag e 11 of 16 



13 

[oossjycfc, m49mwi$c^-cmw?z>. c© 

/c&©£^Wc#, **SS«r«^a » h + 

W4*te£*B> p* Sffi:ti(Ji5Of^b0tc^liim@30 
#y~F«c#fc<s*TCCvc % p* fifflW15BRtt6 

^~^A, Mb, Titt£jWStf6*lS. £fc£JSSffi30© 

J* SB* *?:/S6©5B8KAaf**^»a**J:5 
tf»f¥B, mSBI^EiaT**©^ *©BMBB* 
[0 0 8 9 ] C ©»4 UTW, 

m<ot><ottt«, p* mmmsoms t„**&<&6 

fc», n M¥«f*SI5 1 ©«jW£ < ft 0 . 

£ 4 1, > 5 & #**f 6 ft £ . 
[0 09 0] SCC, »4Ht6«CC*JC>tfc. ^-O^CT 
4bT, m2^lffiWI4|5lSlk:, ^7*SR6©5fcffiSB6a 
XBfc^S£bfc5B8¥ffl»6 b(cftR«C30«l$a 
U&^«k5CC<«fiW-*C4^-C*, C©^>3^ 
*-^*-K«JS4UT«»*«pI«B44S. M2XMI 

Hi9CC5T-r. C©<fc5fc. £K«ffi30*r*?:/8l$B©3te 
iSSB 6 a *>ftffi¥ffiSB 6 b KU^flE U & I » * 5 0 fc 
»£©fWfl»*B. *2«I^C«©*^4HI»C 

[0 09 1 ] ft*. 0m Hl9fc^0fc#4^(fcW©£ 
ffJWCfcl>TB, £JI*ffi30©Jf SB, Hl7fc5*l,fc3l 

4HttW©J:9K:»< , r^*««c^. Sis. Bisect 
^A©«Sfc£«*i30*^J£T*&6«> HifiK^O 

ojtg 4 4 4 * ti fcjsww h ti z . 

[0 09 2 ] ±«B»4lH6«ISCK*©^»WK:*J^r 
fc. £]i»fi30©±8I5K: % ^fflfcfct>TB5>&<4«> 
^-y^6©5feJaa6aXtt*« :5 Pfi®6bCC 1 
«*Jft*f*C4«, ^oI^-C*4 e III, Hl75C^ 
Lfc»4**«K*Jl»rtt. &KltlS©&fr!^Kfcl, 

fcp"SM£«W2B, ^Sl^*Se?54|B]aitC, y 3 v 



1) #H¥8-86 78 8 

20 

h*-«^4i/t«>j:<, ctwmtimmmmmm 

[009 3] JI5WW«COt»nM3r*. CO 
mtHWts 3^ffiS4l,T#hy4*~F#BS©«>©* 

gftSTC, c©nffl¥^»40©«fite4*fc»fcn" 
»ttW4i*W«Snx*5 0. ttn**aaiW4iKB7 

t/t, Ch6©na*»»»4a n**fflMWl4i £H 

B*423©m tut. »tt*ii»i^»« , c^iy&fe 

©4^«r*4 0 43B. SSliSfcHOp* S««W5«: 
»jce-rs^9y«6©*ffi«:»«3hfcp* SBfctWir 
c©p* SftlWB43©«;t8*S, «S9B*l£ 
*W©p* sattW5 4H«r*4. 45B, P f Mffiffc 
JB43©«fi[*4S^:«>©7^5r.^A^6)«C*ftlllE 

snap* 9EJOWB43©*iiatt*«fi< . ftis 

BH454A»&*-5 p* + 

20 si£tw»44*^jarr*. c©p**sssts«44©*ffii*K 

B> lxitf'an-'HL UKX3B0.5 pmSfl&Mffii 

[0 0 9 4] #Cfc, C©*9fc*Ji)5bfc*5^W©t& 
mc^rtftWTS. £1*£JSiB$U2445CCp* -ni 

to «&HBR42(ctt U r ^HBBi^ 4S#«© Wffifc ft & «fc 

5&c^7**EPJnrr*. ctDWcfc^t, ^^sp 

6©±»J:0A«*5i#A«TS4. nS^ftSNoK 
fcuriEfl.-WWt&atr*- *l;X, JERJ&V B 

30 ffi|j[»43^, -^mT-Bn + t Mffi;ti(ii4i^n4o Wlx. 
^nBa^42 4 45©raccD. cw8ca^-f7x*EPin 

LTte<4, A«*5i©3»K:ttWU^Jfe^W«*«* 

n^> 0 fe^5^^Jiias42445©-*^, 3fem?ssatt 

+ y7*^^«aw«:B!to»aK*iai/*--F 
*affl-rsc4fc?i«'c**. 

[0 09 5] C©*5 55*WK:*J^rt, Sl6CC^:b/c 

m3^wi4piii^, £mmytmz?v7'mmfc&m 

40 Jg)3E-rac4«:J:0S/N©rfiJ±*ttSC4^'C** e 
[0 09 6] ^CC, *5*»«©a3B«*H21iC*^C^ 

rttWT*. c©sc»«BJ/a » h*-«^«a*w-r 

S* h *- F***H1B4 Urffll^ J: 9 tc«fi2b 
?cb<D~C$>£ 0 H2i*c43^r. 4eB5/3-» F*-J»^* 

»fltrS3fc«)©ft««St?*0, C©^H^@46©tt 

tt, «»*B, S4j|SSWK:^O/cft«*ffi304PJar 
*9, *©«9i«:a*"J"S. 
[0 097] ^CC, C©cfc^%«fi£©053USW©^ 

50 4e©nwca^-f 7x«tt*aao-rft, c©k«-cai** 
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5i#Aifr&<t, n^^s<*SR4otc4d^riE?L-mT->pt 

m^B£«E,«42«:i£tUU jE?U2£JSH1i 

[ 0 0 9 8 ] H22fc*^T*5#*W©»©SE 
JBWtttWT*. c©SB5««MOSffl*hy-f*-F 

22«c*$^r, 47»siO, »J:Ott*y-HSttl"C* io 
[ o 0 9 9 ] ;wc> cc«}BWo*ff«:oi»r»wr 

- 3 <wgfi£*tr y-h»ffi4«ctt, -2 v©m 

[0 10 0] **:/»6©±»<fcDAaJ*5i#Aitt*a 
nS*»*»4oriE?L-» : f-»4«a , r*. ^b~C 
«*B£IiBI»42'X iE?L»»ffl5(XDJgK»*e 

rp^s*ttW44^4i»hais. bfc^ot, ^JgBB^ 
42 <ty- hS8i48CDRitcasn^* f#u> h*K*ffl-r 

[ 0 1 0 1 ] nft»Bi4ZRc;y- f**48©j*3 

B, Alt*51<DiSSAT^*^«^^tCjfiC^^& 

CCR£Tft«J:ir>. A = 550 nmCD»£ 3 

0 -800 Awit, jfcsio, *>e>&sy-H8»ii 

470M/1B, 400 A&T&&^Bl400-1600A#iffiSt? 
[0 1 0 2 ] «±tCJ:0, 3o©»^^©*h^>f3j— 

^■»6©3taS»©p* S£ftlfcJ§43. H2iOSHB««:*jtf 
ex 022O^WCctetfSPO<^^^SB6©ifejSSIW) 

y-h««4aai?y--hieii«474»*i/, j^iffi&g 
{ ttJttt-r r * c t i> v » * o 

[0 1 0 3 ] *fc. ^5^feWlRO'^<D^Wl^*5^r 

[0 10 4]jEK> B22©*»fflten'f <fc5te, 

C(Dn* S5£tStH50£DmfiBnS*»f*S840* ' 



^¥8-86 788 

22 

;frLTn tf Mffit^4lJ;9£h£<Dr, 8fljS«ffi*»« 
"TSiifrfiBftC*. C(Dn f saEtWB50*»»fc»£. * 

K<fc »EB22(btt»i 

»5o**«'r*««B» S2otc^L//c05*JS^Ra : a 

2i*c*Lfc«&W«:fcaflB-rsci*Jr*4. 
[ 0 1 0 5 1 *fc, *5H*WRCf*€«»WI«:*5W* 
^B^<D $ A ^R^6Pimtffi©«ttSE* S C i (c <fc 

-KB. i«K<D^r»i^»4jlli«K:tec» , t:«c»Ti» 

5#hFET££*#, *FFETfcBftlr>ttft*** 

t\ f *©#©n#©(i#*iAr>/t 

3fcfI#**B* H20Ha22fcfi*l/fc*«fc*Jl>'t 
B» n**ffllMMi4lt^©«*^*«Sll*i5. 
f>*U>^«S6Bft*a>«ffi©*iC«h*. oiOn 

+ * sffiti ■ 41K m\ h oaten* m c t cc * 0 3fc®^§ 

JEftM4iCcains*^*M0?l<ciK:<t9, F>*U 
b, 2MT«ar*«3&#eK F>*'j>y»i8£3fcft 

[0107] ftte, ±ES38»«K:^Lfc**ffl»*« 

aur^fflf -5Ci«:J:0, Btm&4<£«0, -fe>1^cD 
S / N 4 M^C*iA$ it S C t h njfifer * 6 0 
[0 108] 

hS^FFET, ^99ht-y-Fa*FFET, M 
OSS*F#-f *-F\ J/H>h*-fi*h^*-F 

[01 ] AJ^**^«*^*»flrtaK* <#at* 
[02] * ^> >; ^ >©s^® Sr^c^as <b ?s^oh 
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[04] «S43Bft*<DHft**-rH"C**. 

[as] *Ha«c*j»a«fitaa*oia»*^fiar 

[06] ^ B H B^ i ;^>^*5^^®S<h©iR^<DBB^ 
^T0-C*^ o 

[07] #»ai/»;3>tc*jW-6iftfiiiRiRfi4©H» 
[08] S/';3>(0IIS4i»iR*©Hl**^Bir* 10 

[09] PN«*©*hy-f*-F«a*«-riB'c* 

So 

[0io] *hy-f*-F«jfi«:*5W4iE^Vr^4S2 

[011] #«88«c«aiWIHSPM42>1f-a>J|llOt« 
(DKffifltSH. ^ffi§J<D¥SffJ£0, XBtt&TOMHI 

0, ac^o^**-rOT«©¥ffl»itHtr*a. 

[012] *F«6y-hFETCDlBBi^X©>-f 5> 

^^-h-C&i. 20 

[013] Hn<D (B) K^Ufc*9^awa©tt*BI'C 
[014] » ^8P©»rffi«JfiHr*S. 

[015] *2iat«o^«**r^7^s©BfrB«a 

[016] JR3%tkfffOKS«ffiHrft«. 
[017] ^4^ifeWlO»TM^0r^^)o 

[0i8] *4ia6«o*»«**r^?^»©KB*je 
0r&£„ 

[019] S|4j|«W©f6©^W*^T^y^85©»rffi 30 
«t3t0r&£ o * 



[0 1] 
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[020] msmmmoimwm&mv&z. 

[021] S5»^O^ffJt?9(7)Kffi«^0T^6 o 

[022] mbmmmom^jPMommmmmv^io 

1 nS¥3Sf*S5 

2 p^ffltflWl 

4 n"iV-X ( FU-f » ffitfcJf 

5 p* Sltttll 

6 9-y y'SP 

7 *7>*Urf-« 
8, 9 hffl 
10 
11 
12 
13 
20 
21 
30 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

so n- mmm 

51 AW* 
[02] 



y-* ( FU-f » ffl^BSa© 
Alt* 

*>t*)g 
$* 

n**ffl«JW 

p* SSttttJI 
p + *S&tfcJf 
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102: ^NH* 
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[010] 
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[06] 



17] 
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[012] 



202 

-4- 



T 

tti 

1 



203 



201 



...0V 
... Vo 
...0V 



[014] 




5-V. p + S&fefl 



— Vsyb2 
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111 ] 



115] 



£-13 
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2: p~mm 
5: P+m&m 

6: 



(C) 




(D) 



4 



illl 



7: *>^u^-a 

8,9: ^v** hg& 

12:2NHWft 
13: X&tf; 




20:3&&feK 
21 :« 




5-2: P+S&lfcB 
6b: *?79tM*m& 




40: n M¥#{*SB 43 : p + ®&toM 
4 1 : rfS&fifcja 44: P^SJtftJS 
42:&JKffifc 45:&BS2» 



[017] 
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